The efficiency of shades to provide bulls relief from heat stress was studied during the summers of 1977 and 1978. The shades were constructed from steel pipe with expanded metal roof covered with baled straw. Ambient Pontif et al. (1974) on Louisiana pastures. They also observed that humidity may be as important or more so than temperature. However, valuable nutrients from feces are deposited around the shaded areas, rather than scattered over the pastures. Further, cattle may tend to reduce total grazing time and hence reduce total dry matter intake, limiting performance (Warwick and Bond 1966) . Lowered breeding efficiency has been demonstrated for both sexes during seasons with high temperatures (Erb and Waldo 1952, Stott 1961). After 2-3 weeks, semen from bulls subjected to high temperatures (35" C for 8 hours and 3 lo C for remaining 16 hours/day) in environmental chambers was less motile and contained more abnormal cells than that from controls (Meyerhoeffer et al. 1976). After temperatures were reduced, 8 weeks were required for the bulls to recover. Also, Bond and McDowell (1972) noted that females became anestrus when exposed to 38OC and 60% humidity for 56 days and that some winter-acclimated heifers stopped cycling when exposed to 32" C. Temperatures above 38O C are occasionally recorded in the Southern Great Plains and more frequently in the range areas of Texas, New Mexico, and Arizona.
Benefits of shade in terms of improved performance have been shown by McIlvain and Shoop (197 1) on Oklahoma range and by Pontif et al. (1974) on Louisiana pastures. They also observed that humidity may be as important or more so than temperature. However, valuable nutrients from feces are deposited around the shaded areas, rather than scattered over the pastures. Further, cattle may tend to reduce total grazing time and hence reduce total dry matter intake, limiting performance (Warwick and Bond 1966) . Lowered breeding efficiency has been demonstrated for both sexes during seasons with high temperatures (Erb and Waldo 1952, Stott 1961) . After 2-3 weeks, semen from bulls subjected to high temperatures (35" C for 8 hours and 3 lo C for remaining 16 hours/day) in environmental chambers was less motile and contained more abnormal cells than that from controls (Meyerhoeffer et al. 1976) . After temperatures were reduced, 8 weeks were required for the bulls to recover. Also, Bond and McDowell (1972) noted that females became anestrus when exposed to 38OC and 60% humidity for 56 days and that some winter-acclimated heifers stopped cycling when exposed to 32" C. Temperatures above 38O C are occasionally recorded in the Southern Great Plains and more frequently in the range areas of Texas, New Mexico, and Arizona.
This research was initiated to determine if shade was effective in alleviating the stress of summer temperatures and its influence on performance, behavior, and semen quality of bulls.
Methods
During 2 spring and summer grazing seasons, four pastures (0.4 ha each) of bermudagrass (Cynodon ducfylon (L.) Pers.) were grazed by yearling Angus bulls. One bull per pasture was used in 1977 and 3 bulls per pasture were used in 1978. Pastures were fertilized both years with 54.5 kg N/ha in early spring and again in mid-July. Irrigation was used to maintain forage growth on por- tions of each pasture in 1977. To provide adequate forage for the additional animals in 1978, the entire pastures were irrigated weekly except when rain had fallen during the previous week. A gross estimate of forage availability was obtained by clipping four I/ 2-Mr areas per pasture. The clipped forage was weighed after oven drying at 6YC. Two pastures each year contained artificial shades (3.8 m square and 4.7 m high) constructed from steel pipe and covered with baled straw. Shades were open on all sides for ventilation.
The bulls were rotated among pastures at 3-(1977) or 4-(1978) week intervals in a latin square pattern so that each bull grazed all pastures at some time during the season. Shades were moved at the same time to maintain bulls on their assigned shade treatment. Two weeks after each rotation, bulls were observed to determine effect of shade on behavior. Observations were made during 1 24-hour period every 3 weeks in 1977 and during 2 16-hour periods (6 AM to 10 PM) on 2 consecutive days every 4 weeks during 1978. Data recorded included whether each bull was standing, lying, walking, or grazing at the end of each interval of 15 minutes. The time spent under the shade was recorded for bulls assigned to the shade treatments. Ambient and blackbulb temperatures in and out of shade were recorded every 2-3 hours daily from 8 AM to 5 PM. Daily temperature extremes were averaged for each week and standard errors calculated. Also, continuous ambient temperature and humidity recordings were made with a hygrothermograph in covered weather stations in the center of the pasture area.
The bulls were electro-ejaculated each week for semen evaluation and weighed at 3-week intervals. Semen traits evaluated included sperm number, motility, estimated rate of movement (scale l-5), and percentage live and percentage abnormal cells. Cell and acrosomal morphology was quantitated on 100 sperm per stained smear as described by Wells et al. (197 1) for each ejaculate in 1977 only.
All response variables were statistically analyzed using a splitplot analysis of variance (Gill and Hafs, 1971) for repeated measurements on the same animals. Semen traits were normalized for date within year and pooled across years. Where significant shade X year X date interactions were found, separate analyses were conducted within each year. Weight gain and grazing behavior were analyzed separately within each year.
Results
The average daily minimum humidity occurred near the time of peak ambient temperature. and was, in general, very low both years ( Fig. 1 and Fig. 2 ). Ambient temperatures (average daily maximum) in 1977 (32' C) were similar to those in 1978 (33°C) though weekly patterns and variation differed (K.05). During both years, temperatures were above normal and precipitation below normal, except for August, 1977 when precipitation was above normal and August, 1978 when the average temperature was essentially normal (Table 1) . Blackbulb temperatures, accepted as a measure of solar radiation effects and heat load, fluctuated through the grazing season and a significant (x.05) interaction between the effects of year and date was noted. Absorption of solar radiation was suggested as an important factor in aggravating high temperature stress (Warwick and Bond 1966) . Maximum daily blackbulb 1978 were larger at the onset of the trial than those in 1977 and may have been nearly mature, thus exhibiting less growth (Table 2) . McIlvain and Shoop (1971) observed that steers gained 9 kg/ head more over the season if they had access to shade during hot summer days. Cartwright (1955) found that cattle from temperate zones began to show signs of heat stress at about 30°C. However, McIlvain and Shoop (1971) noted that under Southern Plains conditions, relative humidity was more influential upon steer gains than temperature. They found that high humidity in the presence of high temperatures severely lowered steer gains during a 20-year period.
In central Oklahoma, the effects of relative humdityare difficult to assess since the maximum (near 10090 each day) occurs during the night when temperatures are moderate. Minimum relative humidity seldom exceeded 65% during the study period. The highest monthly noon-day average occurred in June, 1978, and was 62%.
Behavior
There were no clear effects of shade on time spent grazing during the limited numbers of observations made (Table 2) . It has been suggested (Warwick and Bond 1966 ) that during hot weather, cattle sacrifice grazing time in order to utilize shade. However, in 1977, more hours were spent grazing by bulls which had access to shade. Bulls spent less (p<. 10) time grazing in 1978 when shade was available, but gains were not different due to shade. Kropp et al. (1973) observed grazing times by cows on native range at this research location which were similar to those of the bulls in the current study. McIlvain and Shoop (1971) noted that cattle on range tend to use all the natural shade available and frequently utilize shade trees as much as 1,600 m from the water source. No natural shade was available in the current experiment.
During both years, bulls spent less time in the shade during the first observation period in May (1977) and June (1978) (Table 3) . Peak use occurred in June (1977) and July (1978) . During August and September 1978, very little use of the shades occurred, even though temperatures in August were only 4°C less than in July. In both years, bulls with access to shade spent less time standing (K. 10) than those without shade. In 1978, this extra time was used lying (K.O5), and the difference occurred during the July 27 observation. There appeared little relationship between temperature on observation days and behavior (Table 3) .
Grazing time was greater (p<. 1) following the first observation period each year. In 1977, forage dry matter yield also increased as the season progressed. However, green forage available per unit area, and thus forage quality, was probably depressed, although these measurements were not made. A small area in the center of each pasture was irrigated in 1977 and the entire pasture was irrigated weekly in 1978, unless it had rained during the previous week. During 1977, the grazing pressure of 1 animal per pasture was less than adequate. Green, actively growing forage was, in general, maintained where the irrigation was provided. The forage outside the irrigated area was 12-24 cm tall, dormant, and quite stemmy. Nevertheless, the bulls made better gains in 1977 than in 1978. Stating whether the weather, lowered stocking rate, or initial weight of the bulls were contributing factors would only be conjecture. From observation, even though animals had a greater amount of forage available in 1977, it appeared that more green forage was available in 1978. However, lack of slectivity by the animals in 1978 due to decreased availability of forage could be an overriding factor. 'Ambient temperature recorded in the pastures using a mercury thermometer. "Shaded"thermomcters (both ambient and BB) were suspended under the shade structure. "Sun" thermometers were suspended about 1.5 m above around in direct sunliaht.
;'B = Blackbulb. 
Semen Quality
The quality of the semen from bulls without shade was adversely affected during 1977 when compared with semen from bulls with access to shade (Table 4) . Motility (Fig. 3) and estimated movement rate, both estimates of sperm activity, were greater (PC. 10) 14) from shaded bulls. Poor semen characteristics have also been seen in other species (Dutt and Simpson, 1957; Wetteman et al. 1976) due to heat stress. Sperm cell number was highly variable within treatment, although a trend for greater number of cells occurred with shaded bulls. Accompanying the reduction in motility and percentage live cells was a change in morphological characteristics of the sperm of bulls without access to shade (Table  5 ). Microscopic evaluation revealed that more sperm cells were abnormal (P=. 13) and had aged acrosomes (P=. 19) when bulls did not have access to shade. The predominant characteristic was a 50% increase in the number of aged acrosomes and abnormal cells from bulls without access to shade when compared with shaded bulls. Acrosome anomalies interfere with the ability of the sperm to attach to the ovum during fertilization. Similar types of changes were seen when bulls (Meyerhoffer et al. 1976) and boars (Wettemann et al. 1976) were subjected to heat stress produced by prolonged periods in heat chambers. In 1978, all bulls produced relatively poor quality semen with less than 70% motility and an estimated movement rate of less than four (scale l-5) (Fig. 4, Table 4 ). Neither of these parameters were influenced by shade and it would appear that either all bulls were stressed or inherently produced semen inferior in quality to bulls used in 1977. The latter explanation has merit in that semen quality was low at the beginning of the summer even before temperatures exceeded recognized thermoneutral zones (32OC). On the other hand, sperm numbers were higher in 1978 than in 1977 and were higher for bulls without benefit of shade. One indication of the benefit of shade that repeated in both years was the percentage of abnormal cells (Table 4) . Bulls with access to shade produced 1415% abnormal cells, whereas those without shade produced N-20% ((K.14).
It is difficult to conclude from these data whether spermatogenesis or sperm maturation was affected by heat stress. During the week of July 19-26,1977 , ambient temperature reached 38OC and blackbulb temperature exceeded 46OC on 2 consecutive weeks (Fig. 1) . Two weeks later motility reached its lowest point (Fig. 3) . Meyerhoffer et al. (1976) observed a 2-week lag from the initiation from heat stress to the appearance of decreased sperm motility. Similar, though less pronounced depressions were noted in 1978, also 2 weeks following elevated ambient (above 38O C) and blackbulb temperature (above 4YC) (Fig. 2 and 4) . Another explanation of the depression in motility in 1977 could be that the low point came 7-8 weeks after June 14 when the blackbulb temperature first went above 4YC (Fig. 4 & 5) . Meyerhoeffer et al. (1976) have shown that if the stress continued for 8 weeks, sperm production and quality was reduced and that 8 weeks were required for recovery, substantiating that the spermatogenic cycle was approximately 8 weeks. Their work would suggest that both spermatogenesis and maturation were influenced by heat. Regardless of whether the damage occurs during spermatogenes is or sperm maturation, reduced fertility in bulls could be the ultimate result.
In conclusion it appears from these data that inexpensive shades can provide some protection for breeding bulls from extreme summer temperatures. Heat stress can be especially important if bulls are to be used for breeding during summer months.
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